To solve the µ problem of the MSSM, the µ from ν Supersymmetric Standard Model (µνSSM) introduces three singlet right-handed neutrino superfieldsν c i , which lead to the mixing of the neutral components of the Higgs doublets with the sneutrinos, producing a relatively large CPeven neutral scalar mass matrix. In this work, we analytically diagonalize the CP-even neutral scalar mass matrix and analyze in detail how the mixing impacts the lightest Higgs boson mass.
I. INTRODUCTION
Since the ATLAS and CMS Collaborations reported the significant discovery of a new neutral Higgs boson [1, 2] , the Higgs boson mass is now precisely measured by [3] m h = 125.09 ± 0.24 GeV.
(
Therefore, the accurate Higgs boson mass will give most stringent constraints on parameter space for the standard model and its various extensions.
As a supersymmetric model, the "µ from ν supersymmetric standard model" (µνSSM) (2) doublet superfields, and Y u,d,e,ν , λ, and κ are dimensionless matrices, a vector, and a totally symmetric tensor, respectively. a, b = 1, 2 are SU(2) indices with antisymmetric tensor ǫ 12 = 1, and i, j, k = 1, 2, 3 are generation indices. The summation convention is implied on repeated indices in this paper. Besides the superfields of the MSSM [11] [12] [13] [14] [15] , the µνSSM introduces three singlet right-handed neutrino superfieldsν c i to solve the µ problem [16] of the MSSM. Once the electroweak symmetry is broken (EWSB), the effective µ term −ǫ ab µĤ a dĤ b u is generated spontaneously through right-handed sneutrino vacuum expectation values (VEVs), µ = λ i ν c i . Additionally, three tiny neutrino masses can be generated at the tree level through a TeV scale seesaw mechanism [4] [5] [6] [7] [8] [9] [17] [18] [19] [20] [21] [22] [23] .
In the µνSSM, the left-and right-handed sneutrino VEVs lead to the mixing of the neutral components of the Higgs doublets with the sneutrinos producing an 8 × 8 CP-even neutral scalar mass matrix, which can be seen in Refs. [5] [6] [7] . Therefore, the mixing would affect the lightest Higgs boson mass. In this work, we analytically diagonalize the CPeven neutral scalar mass matrix, which would be conducive to the follow-up study on the Higgs sector. In the meantime, we consider the Higgs boson mass corrections with effective potential methods. We also give an approximate expression for the lightest Higgs boson mass. In numerical analysis, we will analyze how the mixing affects the lightest Higgs boson mass.
Our presentation is organized as follows. In Sec. II, we briefly summarize the Higgs sector of the µνSSM, including the Higgs boson mass corrections. We present the diagonalization of the neutral scalar mass matrix analytically in Sec. III. The numerical analyses are given in Sec. IV, and Sec. V provides a summary. The tedious formulas are collected in the Appendixes.
II. THE HIGGS SECTOR
The Higgs sector of the µνSSM contains the usual two Higgs doublets with the left-and right-handed sneutrinos:
Once EWSB, the neutral scalars have the VEVs:
One can define the neutral scalars as
Considering that the neutrino oscillation data constrain neutrino Yukawa couplings Y ν i ∼ O(10 −7 ) and left-handed sneutrino VEVs υ ν i ∼ O(10 −4 GeV) [4] [5] [6] [7] [17] [18] [19] [20] [21] [22] , in the following we could reasonably neglect the small terms including Y ν or υ ν i in the Higgs sector. Then, the superpotential in Eq. (2) approximately leads to the tree-level neutral scalar (Higgs) potential:
with . Here, we can know that the radiative corrections to the mixing are proportional to the parameters λ i .
Similarly, one can derive the 3 × 3 mass submatrix for the right-handed sneutrinos:
with
and the corrections from the third fermions and their superpartners are
Here, the radiative corrections to the mass submatrix for right-handed sneutrinos are proportional to λ i λ j .
III. DIAGONALIZATION OF THE MASS MATRIX
The mass squared matrix M 2 H which contains the radiative corrections can be diagonalized as
by the 2 × 2 unitary matrix U H ,
Here, the neutral doubletlike Higgs mass squared eigenvalues m
can be derived,
where TrM
The mixing angle α can be determined by [32] 
which reduce to − sin 2β and − cos 2β, respectively, in the large m A limit. The convention is that π/4 ≤ β < π/2 for tan β ≥ 1, while −π/2 < α < 0. In the large m A limit,
In the large m A limit, the light neutral doubletlike Higgs mass is approximately given as
Comparing with the MSSM, the µνSSM gets an additional term
Here, the radiative corrections △m 2 H 1 can be computed more precisely by some public tools, for example, FeynHiggs [40] [41] [42] [43] [44] [45] [46] [47] , SOFTSUSY [48] [49] [50] , SPheno [51, 52] , and so on. In the following numerical section, we will use the FeynHiggs-2.13.0 to calculate the radiative corrections for the Higgs boson mass about the MSSM part.
To further deal with the mass submatrix M 2 R and M 2 X , in the following we choose the usual minimal scenario for the parameter space:
Then, the 3 × 3 mass submatrix for CP-even right-handed sneutrinos can be simplified as
where
Here the radiative corrections keep the dominating contributions which are proportional to m 
the mass squared matrix M 2 R can be diagonalized as
The radiative corrections are proportional to λ 2 , which will be tamped down as λ ∼ O(0.1).
Then the masses squared of the CP-even right-handed sneutrinos can be approximated by
Due to υ ν c ≫ υ u,d , the main contribution to the mass squared is the first term as κ is large. Additionally, the masses squared of the CP-odd right-handed sneutrinos m 2 P R can be approximated as
where the first term is the leading contribution. Therefore, one can use the approximate relation,
to avoid the tachyons.
In the minimal scenario for the parameter space presented in Eq. (35), the 2 × 3 mixing
X is simplified as M Then, we do the calculation:
In the large m A limit, α = −π/2 + β. Then, one can have the following approximate expressions:
If A 2 X 1 = 0, the mixing of Higgs doublets and right-handed sneutrinos will not affect the lightest Higgs boson mass [5] ; namely, one can adopt the relation
which is analogous to the NMSSM [53, 54] . To relax the conditions, if A λ is around the value in Eq. (55), the contribution to the lightest Higgs boson mass from the mixing could also be neglected approximately. In the case A 
where the eigenvalues m 
The approximate expression works well, which can be easily checked in the numerical calculation. When m H 2 and m R 1 are all large, Eq. (57) could be approximated by
In the numerical analysis, we can define the quantity
to analyze how the mixing affects the mass of the lightest Higgs boson.
One can diagonalize the 5 × 5 mass submatrix for Higgs doublets and right-handed sneutrinos in the CP-even sector:
, and the 5 × 5 unitary matrix R S
where I 2×2 denotes the 2 × 2 unit matrix.
IV. NUMERICAL ANALYSIS
In this section, we will do the numerical analysis for the masses of the Higgs bosons. 
The other SM parameters can be seen in Ref. [55] from the Particle Data Group. Here, we choose a suitable A κ = −500 GeV to avoid the tachyons easily, through Eq. (45). Considering the direct search for supersymmetric particles [55] , we could reasonably choose (53), one knows that the parameters which affect the lightest Higgs boson mass from the mixing will be λ, tan β, κ, A λ , and υ ν c . Here, we specify that the parameter µ = 3λυ ν c , which is dominated by the parameters λ and υ ν c .
When κ = 0.4, A λ = 500 GeV, and υ ν c = 2 TeV, we plot the lightest Higgs boson mass m h , varying with the parameter λ in Fig. 1(a) , where the solid line and dash-dot line denote To see the reason more clearly, we also plot the quantity ξ h , varying with λ in Fig. 1(b) , where the solid line and dash line, respectively, represent as tan β = 20 and tan β = 6.
The quantity ξ h is defined in Eq. (59) to quantify the effect on the lightest Higgs boson mass from the mixing of Higgs doublets and right-handed sneutrinos. The figure shows that ξ h increases quickly with an increase of λ, and ξ h for large tan β is larger than it is for small tan β. When λ is small, ξ h is also small, and then m h is close to m H 1 because
in Eq. (53) 
Therefore, when A λ is around 2υ ν c 3λ/sin 2β − κ , we could regard the lightest Higgs boson mass as m h ≈ m H 1 . If A λ drifts off the value of 2υ ν c 3λ/sin 2β −κ significantly, the lightest Higgs boson mass m h will deviate from the mass m H 1 . with an increase of υ ν c , which can be seen in Fig. 4(b) . In addition, Fig. 4(a) indicates that m h and m H 1 are decreasing slowly, with an increase of υ ν c , because the parameter µ = 3λυ ν c , which can affect the radiative corrections for the lightest Higgs boson mass.
V. SUMMARY
In the framework of the µνSSM, the three singlet right-handed neutrino superfieldsν 
